Level-one representations of the quantum affine superalgebra U q [ gl(N|N)] associated to the appropriate non-standard system of simple roots and q-vertex operators (intertwining operators) associated with the level-one modules are constructed explicitly in terms of free bosonic fields.
I Introduction
The algebraic analysis approach [1, 2] based on quantum affine algebra symmetries enables one not only to solve massive or off-critical integrable models directly in the thermodynamic limit but also to compute their correlation functions [3] and form factors [4] in the form of integrals by applying the techniques similar to those used so successfully in the critical cases (see, c.f. [5] ). The key components behind this method are infinite dimensional highest weight representations of the quantum affine algebras and the corresponding q-vertex operators [6] which are intertwiners of these representations. As in the critical cases, this procedure requires the explicit construction of the highest weight representations and vertex operators in terms of free bosonic fields.
By now, the level-one representations and vertex operators have been constructed in terms of free bosons for most quantum affine bosonic algebras (see, e.g. [7, 8, 9, 10, 11, 12] ). In contrast, much less has been known for the case of quantum affine superalgebras. For the type I quantum affine superalgebra U q [ gl(M|N)], M = N, the level-one representations and vertex operators have been investigated in [13] (see [14] for a level-k free boson realization of U q [ sl(2|1)]). In particular, the level-one irreducible highest weight representations of U q [ gl(2|1)] were studied in some details and the correpsonding characters were derived [13] . These representations have been re-examined and used to compute the correlation functions of the q-deformed supersymmetric t-J model in [15] .
So far in the literature, the very interesting case of M = N has been largely ignored.
The only exception is [16] where the special case of M = N = 2 was treated and the type I vertex operators involving infinite dimensional evaluation (or level-zero) representations were also constructed for this special case. By contrast, we shall consider the general M = N case and investigate both type I and type II vertex operators with respect to finite dimensional evaluation modules. The M = N case is interesting since it seems to us that U q [ gl(N|N)] is the only untwisted superalgebra which has a non-standard system where all simple roots are odd or fermionic. It also seems to be the only superalgebra where a vertex type quasi-Hopf twistor can be constructed [17] and thus the correpsonding elliptic quantum supergroup A q,p [ gl(N|N)] can be introduced.
In this paper, we construct a level-one representation of U q [ gl(N|N)] by bosonizing the Drinfeld generators. We also construct the vertex operators associated with the level-one representations in terms of the free bosonic fields.
The layout of this paper is the following. In section 2, we describe the Drinfeld realization [18] of U q [ gl(N|N)] in the non-standard system of simple roots and determine the "main terms" [19] in the coproduct formulae of the Drinfeld generators. In section 3, we derive the 2N-dimensional evaluation (or level-zero) representations of U q [ gl(N|N)].
In section 4, we investigate the bosonization of U q [ gl(N|N)] and construct an explicit level-one representation in terms of free bosonic fields. Section 5 is devoted to the study of the bosonization of the level-one vertex operators.
II Quantum Affine Superalgebra
As is well-known, a given Kac-Moody superalgebra [20] allows many inequivalent systems of simple roots. A system of simple roots is called distinguished if it has minimal odd roots. Let {α i , i = 0, 1, · · · , 2N − 1} denote a chosen set of simple roots of the affine superalgebra gl(N|N). Let ( , ) be a fixed invariant bilinear form on the root space. Let H be the Cartan subalgebra and throughout we identify the dual H * with H via ( , ). As is shown in [17] , gl(N|N) has a simple root system in which all simple roots are odd (or fermionic). This system can be constructed from the distinguished simple root system by using the "extended" Weyl operation [21] repeatedly. We have the following simple roots, all of which are odd (or fermionic)
Such a simple root system is usually called non-standard. The generalized symmetric
Cartan matrix (a ii ′ ) takes the form
This Cartan matrix is degenrate. To obtain a non-degenerate Cartan matrix, we extend [22] H by adding to it the element
In the following, we denote byH the extended Cartan subalgebra and byH * the dual of H. The enlarged Cartan matrix has the following extra matrix elements: 
The quantum affine superalgebra U q [ gl(N|N)] is a quantum (or q-) deformation of the universal enveloping algebra of gl(N|N) and is generated by the Chevalley generators 
(II.7)
Here and throughout,
The four-th order q-Serre relations are obtained by using Yamane's Dynkin diagram procedure [23] .
] is a Z 2 -graded quasi-triangular Hopf algebra endowed with the following coproduct ∆, counit ǫ and antipode S:
where i = 0, 1, · · · , 2N − 1 and h ∈H. Notice that the antipode S is a Z 2 -graded algebra anti-homomorphism. Namely, for any homogeneous elements a,
, which extends to inhomogeneous elements through linearity.
Moreover,
where ρ is an element inH such that (ρ,
which coincides withρ, the half-sum of positive roots of gl(N|N) in the present simple root system. The multiplication rule on the tensor products is
We also introduce the element inHρ
which gives the principal gradation
In (II.11), ξ is an arbitrary constant.
The relations satisfied by the Drinfeld generators read (see [23, 24] for the Drinfeld realization of U q [ gl(N|N)] in the distinguished system of simple roots)
The following relations can be proved by induction:
The Chevalley generators are related to the Drinfeld generators by the formulae
The coproduct of the Drinfeld generators is not known in full. However, for our purpose it suffices to derive the "main terms" [19] in the coproduct formulae. We have 17) where N ± and N 2 ± are the left ideals generated by X ±,k l and X
Remark 
Define the Drinfeld currents or generating functions,
In terms of these currents, (II.13) read
These current commutation relations can be derived from the super version [24, 25] of the RS algebra [26] by means of the Gauss decomposition technique of Ding and Frenkel [27] .
III Level-Zero Representation
We consider the evaluation representation . Let e j,j ′ be the 2N × 2N matrix satisfying
(which implies that for any operator
A its matrix elements A j,i are defined by Av i = A j,i v j ). In the homogeneous gradation, the Chevalley generators on V z are represented by
Let V * S be the left dual module of V , defined by
Namely, the representations on V * S are given by
where st denotes the supertansposition defined by (A i,j )
be the 2N-dimensional evaluation module corresponding to V * S . On V * S z , the Chevalley generators are represented by 
) ,
and on V * S z by
, (III.6)
and y, y * are arbitrary constants.
IV Free Boson Realization at Level One
We use the notations similar to those in [9, 13] . Let us introduce bosonic oscillators
The remaining commutation relations are zero. Introduce the currents
and set
We make a basis transformation and express A j n and Q A j in terms of a new set of bosonic oscillators {a j n , Q a j |j = 1, 2, · · · , 2N} as
where i = 1, · · · , 2N − 1 and {a j n , Q a j } satisfy the commutation relations
Now we state our main result in this section on the free boson realization of
at level one. 
where
Proof. We prove this theorem by checking that they satisfy the defining relations (II. We write
It is easily shown that
for a ii ′ = 0 and i ≤ i ′ ,
for a ii ′ = 0 and i > i ′ ,
for a ii ′ = 1 and i < i ′ ,
for a ii ′ = 1 and i > i ′ ,
for a ii ′ = 0 and i > i
V Bosonization of Level-One Vertex Operators
In this section, we study the level-one vertex operators [6] 
They are intertwiners in the sense that for any x ∈ U q [ gl(N|N)]
These intertwiners are even operators, that is their gradings are [Φ
We expand the vertex operators as a formal series [2] 
Then the intertwining property (V.5) reads in terms of components
where we have used the notation ∆(x) = x x (1) ⊗ x (2) and the fact that the vertex operators are even which implies [Φ
Introduce the even operators φ(z), φ * (z), ψ(z) and ψ * (z),
In order to obtain bosonized expressions of the vertex operators, we introduce the following combinations of the Drinfeld generators:
which satisfy the relations
Introduce the currents,
Now we state our main theorem in this section on the bosonic realization of the operators φ(z), φ * (z), ψ(z) and ψ * (z) at level one. Thanks to the previous propositions, we only need to determine one component for each operator and the other components are represented by the integral of the currents. 
